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A bstra ct - m e standa rd atm ospheric c orre ctio nalgori thm fo r丘v ether mali 血 red bands ofthe A dv a n c ed
Spa cebo m en er mal EITlissio n a ndRd ect10n Radiom eter(A S T E R)isba sedo n radiativ etr an sfer calc uhtio n
wi thglobala ssi mi 1 血o ndata on aplX el-by-pixelbasis. Inthepres entpa.Per, the validity ofthlSalgoritlm is
studied u sing A ST E R data acquired dtIring theinitial dle Cko utperiod. T he r esults sho w tha[t the algorithm
w orks w ell in dry c o ndito ns, but m ay色ilin s o m ehumi dc o ndito n s.
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IN T R O DtJC TI O N
TheA dv aJIC ed Spa cebo m eTtLer m al E missio n a nd Refle ction Radio m eter(A S T E R)(K alde et al., 1991)is
ahigh-spaltlal-r eSOlロtio n multispe ctralim ager on the Te - - thefirstplalfo rrn of N A S A
'
s Earth O bs ervlng
Syste m(E O S) - la u n chedin Dec e mber.1999. T he AS T E R in stru m eJlt c o nsists ofthre e s ubsyste msdivi ded by
the spe ctralra nge:the visible and n ear iⅡ丘ared(V NIR), the short- w a v ein丘a red(S W IR), a nd the ther mal
in&ared(TIR)･ TheTIRstlbsystem ha sbands 10to 14 lo c ated at8 3 0,8,65, 9.10, 10.6, a nd ll.3 pm wi th the
spa血1 res ol血o n of 90m , which allo w u sto m e asure bothte mper atu reand spectralcmissivity of theland
su血 ces･ T heland su rfa c ete mperatur eis o n e of keypar am etersin thephysics
■
ofland-s u rfa c epr o c esses, and
u s edin m a ny envir o n m entalstudies(e･g･ Schm tlgge申al,, 1998). An d thela nds u rfac e spectralemissivitygiv es
u s efulinfo r matio nparticularlyto ge ologicalstudies(e.g. Crisp etal., 1990),be c a u s e silicate min erals,in cluded
in m a nyro cks anヰs oils,ha v e v arietyin emis sivity(e.g. S alisbu ry etal.,19 2).
The radia n c e r ea ching the s en s o rwillbe m odified by atm o spheric e mis sio n, atte n u atio n, a rid scattering･
Atm o spheric co rrection is, therefor e, n e c e s s a ryfo rthe estim ation ofthe s uぬ c epar a m et rs･ In the A STE R
pr oje ct, 姐 n o spheric co rre ctionis oper3tio nal1y applied fo ral1 ba nds, a nd itsprodu cts wi ll beprovidedto users.
Fo rthis pro c essing, Sta nda rd a血 ospheric c or rectio nalgori thm s ha ve bee71 PrOpO S ed for thr e e s ubsyste m s･ In
thepres erltPape r, the a uthors repo rt ea rly validatio n r esultsfo rthe stallda rd atm o spheric c o rre ctio nalgo rithrn
of TIRbands tlSing a ctual A STER dぬ acquired dtlringtheinitialchecko utperiod･
T E E O R R E TIC AIJB A S
hthe TIR regio n, the solar radiatio nis r ntlChs mal1e rthan theEardl r adiatio n. In addit o n
,
the as s umptlO n
tlutthe stl血 ceis aL ambertia n s u血 e do es notprodu c elarge errors, bec a u sethe atm ospheric do w n w ard
r adian c e at gro u nd le v el is s mallerthan the su rfa c e r adianc e and the su rfac e r eflectan c ein this reglOnis
ge n erally small(Ⅵ血 etal･, 1997)･ T herefo re,the upw ardr adian c e atthetop of the atlnOSPhe re under c血
･
-sky
c o nd血o ns c allbe e xpr ess ed by
I(Jl,e)= T(i,9)s(A)B(･a,Ts)＋I
ロ
(A,0)＋ T(A,C)(1 - s(i)I
d
(i) (1)
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where スis the w a v ele ngth, e is the vie w a ngle, 4A)is the s u rfa c e emissivity, Tsis the su rhc ete mperatur e,
B(1,Ts)is thePlan ck fun ctio n, ヰÅ句is the atm o spherictra n smita n ce, P(A,q)is thepath radi an ce, andP(p)is
thedo w ll W ardskyradianムe(calc ulated bydividingthedo wnw ard atm o sphericirradian c e atWo undle v el by ”).
Equation(1)c anbe re w ntte nwith a go odappro xim atio n(Be cker etal., 1990):
I,(0)≡ I.I(C)s.B,.(Ts)＋I㌻(♂)＋ T.(e)(ト 6,I)∫.1 (2)
wher ethe in de xi m ea n s a w eighteda v erageinba nd7
1
ofea ch んdepe nder[t variable.
If the atm ospheric effectpa ra m eters(Ti( 軌Ij
u
(9), alld Ii
d
) a re h o w n, thela nd-leaving r adiaJIC eI,.
L
(句is
deriv ed fr om Eq.(2):
Ij
L
(c)- 61B,･(Ts)＋(ト c,.)1,･
d
(3)
whereIL
dis kno w 11･ Fo r eachpix el, Eq･(3)isgiv enfo r e a cllba nd butulkn o w n s ar e局fo r
‾
ea ch balldal]d Ts - a
typicalu nderd6ter min ed inve rse prOble m ･ Ma nyte mpera･tu re/emis sivitys epa ratio n(T ES)algorithm sha v ebee n
propo sedfor s olvingthispr oble m(e･g･ , Realm uto,1990;Gillespie,1998).
STA N D A R D A T M O SP H E RIC C ORR E C TIO N A LG ORIT H M F O R A ST E R TI R
The standa rd atm o spheric co re ctio nalgoritll m Of theTIR ba nds(Pallu cmi et al., 1996)is a m ethodthat
estim atesthe atm o spheric effe ctpa raJ n eterSOn aPixel-by-pi2Wl ba sis usingM O D T RAN(Kn eizys etal., 19■ 6)
co mb ined with atm o spheric pro丘1es a nd a digitalele v ado n m odel(DE M). Water v apo r aJld air te mper atur e
pro丘Iesgiv e nM OI)T R AN ar edeiriv ed 丘o m theprodu cts of M O DIS, N C EP/G D A S(Global Data Assi mi latio n
Syste m)o rN A S 〟G E O S-1(Goddard E O S)assimik 血o n syste m･ h thes e s o u rc es, the G D A Spr odu ct(K aln ay
etal･
,
1990)is c u rrer[tlyu s ed be c a u s e血eM O DISprodu cthas n otbee n a vailableyetfo r validatio n TheG D A S
produ ctis adata setfo rprovi ding w e athe rfo r ec ast yste 皿 S with theimit alvalu es of vario u s atm o spheric
paralTleterS(hu midity, te mper atu re, wind spe ed etc･) at e a ch 3-D grid-point(ho rizontally1-degre e spacing)
e very6hou rs. As fo rD E M,the G T O PO30(US G S, 1997)is used.
VALID A TIO N O F T E E A LG O RITII M
As the丘rstatte mptforthe validatio n ofthe abo v ealgoritlm, w e studiedthe algori thm perfo rm a n c ebas ed
onthe spe ctrale missivity of w atertargets r etriev ed hm A ST E R data･ For this purpos eT ten S C e n eS a cquired
duringtheinitialche cko utperiod w er e u s ed, a nd a r ectangletarget onlake o r s ea w a s s elected 丘･o m e a chsce n e.
Table1:Test sitesfo r也e validatio n study.
(PW V: pre ciDitable w ater v al) OT. RC C: r adio m etric calibr ation co efncierlt)
U T C date Ov ert)a s Site n am e(c ollntrV O rU Sstate) Elev. (m) PW V(c m) R C Cv er,
12- Ma r-00 Day LakeThho e(C A) 1898 0.59 i.0
16-M ay-00 Day LakeKa sumig机Ira(Japa n) 1 2.02 1.0
16-M ay-00 Day Tokyo Bay(Japan) 0 2.ll I.0
25-M ay-00 Night Uchiu raBay(Japall) 0 2.90 0.4
41Ju n-00 Day S alton Sea(C A) -74 1.51 l.0
5-Jun -00 Day Ha w aii/Oc e a n(HI) 0 2.68 1.0
ll-Ju t-00 Day Cold Springs Reserv oir(N V) 1584 1.05 1.0*
7- Atlg-00 Day Salto nSea(C A) -74 2.21 1.0
7- No v-0 0 Day LakeThho e(C A) 1898 0.58 1,0
81 No v-00 Night Lake一山10 e(CA) 1898 1.37 1.0
* Expedited Data Set(E D S). Defa ultc alibratl Oll C O etrlCielltS(V e rSIOnI .0)w ere u sed.
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Figtq e 1: Co mparis o nbetw e enthe m ea n emissivib･
re廿1eV ed fro m ea ch w atertarget a ndthe w ater emissivi吋
hch dedin the spe ctrallibrary.
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Figure2: Plot ofthe pre cipitable w ater v apor
(P W V) v ersu sthe
.
Tninim u m- m a xim u m
differ en ce(M M D)inem lSSIVlty.
Table1giv es som einfo rm a･t1 0 n O n e a chs c en e a ndta喝et･ The siz e ofe a chta rgetis 30Ⅹ30pix els ex c eptforthe
Jun ell data(4Ⅹ4pix els)a nd theNo v e mber8data(2 07(20pi芸els). Fo r ea chpix elofea chta rget, w e m adethe
folo w lng Pro c es sing.
First
,
thedigitalm lmb6rfor e a ch band w a s c o n v ertedto the radia n c e m e asu red. Fo r nin e sites ex c eptfor
the May25 data, diehtest radio rn etric c alibratio n c o e瓜 cier[ts(v e rsio n1.0)w ere u s ed. Ne xt, the atm o spheric
effe ctparam eters for ea chband w er e calc uhtedu singM O D T R A N 3.7 c o mbin ed wi th N C EP/G D ASpr odn cts,
T O MStotal-oヱO n 8Produ cts, a nd G T O P O30. Then,thela nd-1e a v lng radian c e at e a ch ba nd w a sderiv ed &om
the r adia n c e m ea s u red
,
thetran smiitan c e
,
a nd thepa.thr adian c e. F in ally, the spe ctr al e missivityfor e a ch band
w a s retriev ed 丘o m thel皿 d-leaving radiaJIC e a ndthe sky r adlan Ce by the spe ctraln orm alizatio n m ethod
(Realm uto, 1990) - o n e of T ESalgorithns - wi th the 皿 Ⅸim u m emissivity of 0.99, a nd c o mpar ed with the
spe ctral
■
emissivib, ofw aterincludedin a spectr al1ibraq(S alisbu ry et al.,1992).
T hu s, ifthe a[tm o spheric c or rection applied in cludes a n err o r, it wi ll be dete cted in m o st c as es as an
abn o r malspectralpatte m onthe retrie v edemissivlty･
R E S U LT S A N D I)IS CtJSSI O N S
Figu re1giv esthe c o mpariso n r esultbetw e e nthe m e a n ernis sivityretrie v ed 丘
･
o m e a ch site and the w ater
emissivlty ln Cluded inthe spe ctral library. n e r esultsho ws tha･tthe atm ospheric c oTTeCt10n W Orked w ell forthe
six sitesthatthe minim um e mis sivityisgreaterthall0.97, butn otfo rthe otherfo u r sites sinc ethe e missivifyat
baJlds ユOto 12 is s m anertha n e7'Pe Cted･ h particular,the emissivity retrieved丑
･
o11 1theJun e5 alld Angust7
data is n ot a c ceptable(the ditfere n ce of.0.03 in e missivity is alm o st c orr espo nding to that of1.8 K in
telnPerature).
Figu re2is the plot of the pre cipitable w ater v apo r(PVV)yers u sthe mirlim u m- m a xim u mdiffer en ce
(M M D)in emissivityfo r each site, whichsho w sthatthe M叫D in cr e as eswith in cr ea singP W V As the res ult,
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w ec an estim atetha;tthe atm o spheric co rrectio n erro rs show n in Fig･ 1 w ere ca u s ed mai nly 丘o m the w ater
vaporprofile errors
- the standa rdatm ospheric cor rectiollalgori thm w orks w ellindry condito n sbut m ay 鮎I
in so me hu midc o ndit o n s･ Ho w e v er, the n u mbe r ofth6data s etsu s ed in this studyis not e n o ughfo r u sto
s ug gest thealgoritlmperfo r man c ein v ario u s c o ndito n s･ We wi llc o rItin u ethe valida:tio n studyforthispu rpos e.
C ON CL U SI O N S
We studiedthe validty ofthe standa rd atm ospheric c orre ction algo rithm of A S T E R TI u singten s c en es
acquireddu ringthe init al che cko ut period･ As the re stll, the algoritAm w orked w ell in dry c o ndit o n s, but
failed in s o me humid c ondit o ns･ Ho w ev er, m ore cas e studies are n ec es s aryfor reliable validation･ We wi ll
c ontin u ethe v alidatio n studyfo rthisalgori thm .
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The a uthors w o uld liketo tha nk M ITla nd E RS D A C fo rsupplymg o rig n al A ST E R data.
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